Objective: To describe the clinical features and outcome of anti-NMDA receptor (NMDAR) encephalitis in patients $45 years old.
Anti-NMDA receptor (NMDAR) encephalitis is an autoimmune disorder that usually affects children and young adults, resulting in severe neuropsychiatric symptoms that often respond to treatment. [1] [2] [3] [4] Experience with older patients is limited to a single case report 5 and series comprising patients of all ages, but no further information is available. We report a detailed clinical analysis of 31 patients $45 years old and describe several novel features associated with this age group.
METHODS Patients with immunoglobulin G antibodies against the NR1 subunit of NMDAR were identified from a series of 661 cases with anti-NMDAR encephalitis. 2 Detailed information on patients $45 years old, either as individual cases or age group, has not been reported previously. We used 45 years as the cutoff age because a similar threshold has been used in other autoimmune neurologic disorders, like myasthenia gravis. Clinical information was obtained by the authors or referring physicians at the acute stage of the disease. 2 Follow-up information was obtained at regular intervals after symptom onset; neurologic status was assessed with the modified Rankin Scale (mRS) score. 6 Initial treatment was considered a failure if no sustained improvement occurred within 4 weeks after initiation of immunotherapy or tumor removal, and if the mRS score remained $4. 2 Serum and CSF antibody studies were conducted as reported. 3 Demographic information and symptoms were analyzed with the Fisher exact test, Fisher-Freeman-Halton test, or Mann-Whitney U test when appropriate, comparing these 31 patients with 338 recently reported patients (aged 18-44 years). 2 Because of a skewed distribution, log-transformation was used for age at symptom onset, duration of follow-up, and delay until initiation of treatment. Factors influencing outcome were assessed by univariable binary logistic regression (good outcome defined as mRS 0-2) independently of the treatments given. Factors associated with a good outcome (p , 0.1) were included in generalized linear mixed models with binary distribution using SAS, procedure GLIMMIX, version 9.3 (SAS Institute Inc., Cary, NC), as we recently described. 2 All p values provided are uncorrected p values.
Standard protocol approvals, registrations, and patient consents. Studies were approved by the institutional review boards of the Universities of Pennsylvania and Barcelona.
RESULTS Thirty-one patients were older than 44 years (table 1). The median age was 52 years (range 45-84). Fourteen were male (45%), compared to 41 of 338 (12%) in younger adults (p , 0.0001). Seven patients (23%) had an underlying tumor compared with 173 (51%) younger adults (p 5 0.002); only one patient had an ovarian teratoma; other tumors included breast (2), lung (2), thymic (1), and ovarian (1) carcinomas (table 1) . All tumors were detected within 6 weeks of neurologic symptom onset. Prodromal symptoms occurred less frequently in patients $45 years old (26% vs 54%, p 5 0.003). Behavioral problems, seizures, and memory deficits were the most frequent presenting symptoms, with a trend of memory loss being more frequent in patients $45 years (16% vs 7%, p 5 0.075; figure 1A ). Within 1 month of symptom onset, 87% of the patients had developed $4 of the typical symptoms of the disease, a finding not different from young adults (85%) 2 ; only seizures occurred less frequently in patients $45 years of age (48% vs 69%, p 5 0.026, figure 1B ). Two patients only had memory dysfunction, frontal disinhibition, and mood disorder during the first 3 months of the disease. The maximum severity of symptoms was lower in older adults (74% had a mRS score of 5% vs 88% in younger adults; p 5 0.044) and they needed intensive care support less frequently (58% vs 80% in younger adults; p 5 0.011).
The median time until diagnosis was 8 weeks (interquartile range [IQR] 4-17) in patients $45 years vs 4 weeks in younger adults (IQR 3-8, p 5 0.009). The disorders more frequently suspected at symptom onset are shown in table e-1 on the Neurology ® Web site at www.neurology.org. Abnormalities in the first CSF (79%) and EEG (86%) were similar to those reported in young adults and children, 1-3 but the first brain MRI more frequently showed disease-related nonspecific abnormalities (53% vs 35% in younger adults, p 5 0.049). The median time until treatment was longer (7 weeks, IQR 2.5-8.5) than in young adults (4 weeks, IQR 2-7, p 5 0.039). First-line immunotherapy (steroids, IV immunoglobulin, plasma exchange) and second-line immunotherapy (rituximab or cyclophosphamide) were similarly used in older and young adults. Sixteen patients $45 years (55%) failed first-line immunotherapy vs 42% of younger adults (p 5 0.071). Of these 16 patients, 6/7 had favorable outcome after second-line immunotherapy vs 2/9 who did not receive second-line immunotherapy. Resection of the tumor was performed in 5/7 patients (71% vs 95% in younger adults, p 5 0.04). At 24 months follow-up, 60% of the patients had good outcome (mRS 0-2) vs 80% of young adults (p 5 0.026; figure 2) . In multivariable analysis, independent factors associated with good outcome included younger age (odds ratio [OR] 0.15, 95% confidence interval [CI] 0.05-0.39, p 5 0.0001), short time until initiation of treatment (OR 0.60, CI 0.47-0.78, p , 0.0001), no need for admission to intensive care unit (OR 0.09, CI 0.04-0.22, p , 0.0001), and longer follow-up (p , 0.0001, figure 2 ). In patients not responding to first-line immunotherapy, the use of second-line immunotherapy (rituximab or cyclophosphamide) was an additional predictor of good outcome (OR 2.93, CI 1.10-7.76, p 5 0.031). DISCUSSION This study shows that anti-NMDAR encephalitis is less severe in patients $45 years old than in young adults, but the outcome is poorer in older patients. Our findings suggest that these differences are due to longer delays in the diagnosis and treatment of the disease in older patients as well as age-related factors. Despite this, 60% of patients $45 years old had full or substantial recovery at 24 months follow-up.
Three additional features that are different between older and younger adults with anti-NMDAR encephalitis include sex distribution, frequency and type of tumor association, and symptom presentation. While 80% of young adults with the disorder are women and 51% of them have an underlying teratoma (almost always in the ovary), 45% of older patients are men and only 23% have a tumor, rarely a teratoma. The close temporal association between tumor detection and onset of encephalitis suggests a pathogenic relationship. Tissue available from one patient with breast cancer showed expression of NMDAR (data not shown).
In older patients, there was a tendency to present with memory deficits, leading to a wide differential diagnosis. However, within the first 4 weeks of the disease, most patients developed other symptoms of anti-NMDAR encephalitis, mainly psychosis, dyskinesias, or speech problems. No specific symptom is pathognomonic, but these combined symptoms are highly suggestive of the disease.
The higher frequency of men among patients $45 years of age (female:male 1.2 vs 4 in younger adults, and 3.5 in those without teratoma) is similar to the distribution in prepubertal patients, suggesting the influence of hormonal factors in disease development. We do not know why older patients have less symptom severity, but this phenomenon has been reported in other autoimmune disorders. It has been postulated that in older individuals autoantibodies have lower affinity, and the immunologic environment is altered, resulting in weaker autoimmune responses. 7, 8 Although less severe, the symptoms of our patients were not mild, which along with age-related features (e.g., more limited recovery of the aging brain) 9 may explain why patient age was found to be an independent risk factor for less favorable outcome.
Our findings have several implications: 1) in patients $45 years old, anti-NMDAR encephalitis occurs with similar frequency in males and females, and the symptom presentation often leads to a wide differential diagnosis; 2) the workup for a tumor should be similar to that recommended for classical paraneoplastic disorders 10 ; and 3) diagnostic and treatment delays are significantly longer than in younger adults. This is important, because "time until treatment" is a known prognostic factor in this disease. It is likely that the outcome will improve if patients are diagnosed and treated earlier. 
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